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Abstract—Terahertz (THz)-band communications are cur-
rently being celebrated as a key technology that could fulfill
the increasing demands for wireless data traffic and higher
speed wireless communications. Many challenges, however, have
yet to be addressed for this technology to be realized, such
as high propagation losses and power limitations, which result
in short communication distances. Ultra-massive multiple input
multiple output (UM-MIMO) antenna systems have emerged
as practical means for combatting the distance problem at the
THz range; thereby increasing system capacity. Towards that
direction, graphene-based nano-antennas of small footprints have
been recently proposed, as they can be individually tuned and
collectively controlled in an UM-MIMO array of sub-arrays
architecture. In this paper, we present a holistic overview of
THz UM-MIMO systems by assessing recent advancements in
transceiver design and channel modeling. We discuss the major
challenges and shortcomings of such designs from a signal
processing perspective, by deriving the relation between system
performance, communication range, and array dimensions. We
further highlight several research advances that could enhance
resource allocation at the THz band, including waveform designs,
multi-carrier antenna configurations, and spatial modulations.
Based on this discussion, we highlight prospect use cases that
can bring THz UM-MIMO into reality, in the context of sensing,
data centers, and future mid-range wireless communications.
I. INTRODUCTION
TERAHERTZ (THz)-band communications promise to ex-ploit the large bandwidths at THz frequencies [1], to
fulfill the high data rate demands of future generations of
wireless communications. While millimeter wave (mmWave)
systems [2] have been extensively explored in recent years
over the frequency range of 30 to 300 gigahertz (GHz), the
highest attainable bandwidth at such frequencies is 10 GHz,
and so a physical layer efficiency of at least 100 bits/sec/Hz is
required to achieve a terabit (Tb)/sec data rate. On the contrary,
since the available bandwidth between 0.3 THz and 10 THz
(i.e., at the THz range) can reach hundreds of GHz, a target
Tb/sec data rate can be achieved with minimal physical layer
efficiency-enhancement techniques [3].
Over the past few years, affordable technologies have
enabled a widespread usage of mmWave systems, which
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Fig. 1. Spectrum decomposition and high-frequency applications.
are expected to be the essential enablers of the fifth gen-
eration (5G) mobile communication networks. For example,
mmWave-enabled IEEE 802.11ad (WiFi) networks (WiGig),
high-definition (HD) video applications, and single-chip fine-
resolution radar integrated circuits have emerged. One of the
IEEE 802.15 wireless personal area networks (WPAN) study
group’s missions is to explore high-frequency ranges, so as
to solve a variety of next-generation wireless communication
needs, by supporting multi-gigabit (Gb)/sec and Tb/sec links.
Recently, major advancements in transceiver design are closing
the so-called THz gap, which paves the way for several
applications at the THz band, ranging from indoor wireless
communications, to vehicular and drone-to-drone communi-
cations, device-to-device (D2D) communications, and nano-
communications. THz signals, further, have the potential to
be used in many non communication-based applications, such
as spectroscopy of small bio-molecules and quality control of
pharmaceutical products. The spectrum decomposition and the
corresponding applications are illustrated in Fig. 1.
Despite the promising utilization features of THz commu-
nications systems, their high-frequency operation properties
impose several implementation hurdles, both at the signal
generation and at the signal detection levels. Towards ad-
dressing such implementation challenges, a variety of inte-
grated electronic and photonic solutions are proposed, that not
necessarily result in perfect THz devices, but rather efficient
and programmable devices that satisfy emerging system-level
properties; see [4] and references therein. Electronics III-V-
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2based semiconductor technologies include Indium Phosphide
(InP) heterojunction bipolar transistors (HBTs), high electron
mobility transistors (HEMT), and gallium arsenide (GaAs)-
based Schottky diodes. At high frequency ranges, however,
the corresponding generators and detectors perform poorly
at room temperature (plasma waves excited by a HEMT
tend to be instable). Photonic solutions, on the other hand,
are based on photomixers, difference frequency generation,
or parametric generation with nonlinear materials. Quantum
cascade lasers (QCLs) are also used for THz signal generation.
Nevertheless, integrated hybrid electronic-photonic systems
[4] have been proposed as a deviation from classical ap-
proaches.
Recently, plasmonic solutions have emerged as strong can-
didates that enable communications at the THz band, in
particular, graphene-based solutions [5]. The unique electri-
cal properties of graphene, such as high electron mobility,
electrical tunability, and configurability, allow supporting high-
frequency signals. Plasmonic-based antennas enable the prop-
agation of surface plasmon polariton (SPP) waves, which
are confined electromagnetic (EM) waves that travel through
the metal-dielectric interface due to oscillations of electric
charges. In fact, SPP waves propagate at speeds that are much
lower than those of regular EM waves and, hence, possess
a characteristic wavelength (denoted by λSPP) that is much
smaller than the EM wavelength (denoted by λ). Therefore,
compact array designs can be deployed, which integrate a
massive number of antennas in a tiny footprint [3].
From a coverage perspective, additional crucial challenges
still need to be addressed, particularly those related to high
propagation losses and power limitations faced at THz fre-
quencies, which result in short communication ranges. To
overcome such limitations, we distinguish between either
reflect arrays or ultra-massive multiple input multiple output
(UM-MIMO) antenna systems, as alternative means to extend
the coverage range [3]. UM-MIMO is a more convenient and
generic solution than reflect arrays, since the latter is tailored
for non line-of-sight (NLoS) environments. UM-MIMO, which
is the focus of this paper, offers the valuable advantages of
increasing the communication range through beamforming,
and improving the achievable data rate through spatial mul-
tiplexing (SMX). In fact, the ability to build compact phase-
coherent UM-MIMO arrays (using plasmonic materials such
as graphene) is a key added value of THz communications
compared to free-space optical (FSO) communications.
The main aim of this paper is to establish a clear link be-
tween transceiver design, channel characteristics, and prospect
use-cases of THz UM-MIMO systems. Up to our knowledge,
the literature lacks a holistic work of this kind. Towards this
end, we start by introducing the array of sub-arrays (AoSA)
configuration and providing a particular comparison between
the antenna compactness of mmWave and THz antenna arrays,
as well as their achievable SMX gains in Sec. II. We then
detail various channel modeling approaches in Sec. III, so as
to best describe the relation between channel characteristics
and system performance. We further define open challenges
and potential signal-processing research advances in Sec. V.
Finally, based on previously discussed constraints, we rec-
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Fig. 2. Achievable multiplexing gains versus communication range in
mmWave and THz antenna arrays.
ommend specific THz UM-MIMO use cases and conclude in
sections V and VI, respectively.
II. ARRAY OF SUB-ARRAYS DESIGN
Massive plasmonic antenna configurations are constructed
as large arrays of antenna elements (AEs). Since inter-AE
separations are typically in the order of λ, operating at high
frequencies naturally results in dense packaging. For instance,
while mmWave AoSAs [6] require footprints of few square
centimeters for a small number of antennas, a massive number
of antennas can be embedded at THz in a few square millime-
ters. This densification is further emphasized with plasmonic
antennas, where separations are in the order of λSPP (e.g.,
λSPP=λ/25 for graphene). In particular, in a 10 cm2 area, more
than 105 metallic AEs and more than 107 graphene AEs can be
accommodated at 1 THz (according to the footprint formula in
[3]). These numbres reduce to 400 metallic AEs and 250 ×103
graphene AEs at 60GHz, which highlights the pronounced
antenna compactness superiority of THz communications as
compared to mmWave systems.
Such compactness in design, however, comes at the cost
of limiting the beamforming and multiplexing gains of UM-
MIMO, due to inadequate spatial sampling and increasing the
complexity of antenna array control [7]. As a solution, large
antenna arrays can be divided into multiple sub-arrays (SAs)
of smaller size in an AoSA architecture. Deploying multiple
AEs in a SA improves the beamforming gain and decreases
the required transmission power for each element. Hence, each
SA offers the array gain, and the collaboration between SAs
provides the SMX gain. This configuration results in a large
number of directed independent paths, each of which can be
used to carry independent information.
A comparison between the achievable SMX gains (number
of supported users or streams) of mmWave and THz antenna
arrays is illustrated in Fig. 2, which plots the SMX gain
as a function of communication range. The figure considers
a scenario where the transmit power is set to 10mW and
the receive sensitivity is set to −80 dBm. To meet a specific
communication distance with the required receive sensitivity,
3a specific number of AEs per SA is required to generate a
sufficiently large array gain. For instance, an 18 dB array gain
is achieved by SAs of 8× 8 AEs. Under same transmit power
capabilities, Fig. 2 shows that the SMX gains of same-size
mmWave and THz arrays are identical. Hence, compactness
combats increased path loss at higher frequencies. Further-
more, same SMX gains indicate same number of required
radio frequency (RF) chains. While the above result justifies
the intuition that mmWave and THz UM-MIMO systems are
fundamentally similar from a high-level design perspective,
much higher data rates are provided through THz chains,
which highlight the significant data rate gains provided by
THz as compared to mmWaves, despite their equal power
underlying assumptions. Such gains, however, predicate the
peculiarities of THz transceiver design and the correspond-
ing impairments (e.g., RF non-idealities, phase noise, carrier
frequency offsets, power amplifier saturation, etc.), which are
expected to eventually define THz band UM-MIMO systems.
Since the energy and spectral efficiencies in an AoSA
architecture are dictated by the beamforming strategy, hybrid
beamforming is typically sought to reduce hardware costs and
power consumption, in which operations get divided between
the analog and digital domains. Hybrid AoSA architectures at
THz are detailed in [8], where a two-step analog beamforming
and user grouping mechanism is illustrated by dividing users
according to their angle of departure. The beamforming angle
is selected such that the overall received signal power for one
user group over all subcarriers is maximized. Afterwards, dig-
ital beamforming is performed in baseband on each subcarrier.
At the THz band, beamforming comes at an increased system
complexity cost, where the transmitter requires a perfect
knowledge of channel state information for aligning the beam
towards the receivers of interest.
III. CHANNEL MODELING AND CHARACTERISTICS
The previous section discusses that UM-MIMO AoSA can
combat propagation losses and maximize the achievable gains
at the THz band. The exact performance of THz UM-MIMO
systems, however, is dictated by the exact channel conditions
and the corresponding accuracy in channel state information.
In particular, capturing important channel parameters, such
as path gain, delay spread, and angular spread allows for
efficient exploitation of important channel characteristics, such
as spatial degrees of freedom and capacity.
Accurate channel models are thus a prerequisite for efficient
utilization of the THz band. Such models should take into
account the impact of both spreading and molecular absorption
losses. Furthermore, line-of-sight (LoS), NLoS, reflected, and
scattered paths should be considered, and static and time-
variant environments should be treated separately. Note that
realistic channel measurements have been recently reported,
such as in [9] at 140GHz. In what follows, we review sev-
eral channel modeling approaches and we detail the peculiar
characteristics of the THz channel.
A. THz Channel Modelling
THz channel modeling approaches are deterministic, statis-
tical, or hybrid [10]. Deterministic channel modeling depends
Fig. 3. Path loss as a function of frequency and communication ranges.
on site geometry, and is often achieved via ray tracing (RT)
techniques that are capable of handling site-specific structures.
Applying RT to every channel path, however, increases system
complexity. As a solution, point to point RT can be first used
to capture the losses between virtual points at the transmitter
and the receiver, and the resultant model can then be mapped
to other AEs, which reduces the computational complexity. As
for statistical modeling, it is either matrix-based or reference-
antenna-based. In a matrix-based model, each independent
sub-channel is represented by a complex Gaussian variable. On
the other hand, reference-antenna-based models assume single-
input single-output statistical propagation, for two reference
antennas at the transmitter and the receiver, with array steering
vectors. Finally, hybrid channel modeling combines the advan-
tages of both deterministic and statistical approaches, where
dominant paths can be individually captured by the determin-
istic method, while other paths can be statistically generated.
This captures the spatial-temporal properties while allowing
smooth time evolution and avoiding channel discontinuity.
B. THz Channel Conditions
At THz frequencies, the channel response is dominated
by molecular absorption losses. The LoS path loss due to
water vapor molecules is illustrated in Fig. 3 (as a heatmap),
between 0.1 THz and 10 THz, over a distance range of 30m.
It can be noted that the plot is dominated by spikes (in
yellow) that originate due to excited molecule vibrations
at specific resonant frequencies within the THz band. With
certain spikes only appearing at specific distances (as reflected
by the blue shade in the bottom-left corner), the available
spectrum is divided into smaller distance-dependent windows.
This means that increasing the communication range does not
only increase the path loss, but also reduces the available
transmission bandwidths. The absorption coefficient for a
volumetric density depends on system temperature, system
pressure, and absorption cross section [11]. All parameters
for absorption loss computations can be obtained from the
high-resolution transmission molecular absorption database
(HITRAN), and detailed mathematical expressions for com-
puting the absorption cross section can be found in [11].
Note that molecular absorptions are followed by coherent
4reradiations that can be lumped in high-power absorption noise
factors. The resultant colored noise is thus dominated by the
channel induced component (graphene-based electronics are
low-noise).
Due to large reflection losses, the THz channel is dom-
inated by LoS or a few NLoS paths, while scattered and
refracted rays can be neglected. Furthermore, the channel
tends to be sparse with beamforming and ill-conditioned with
SMX. Nevertheless, achieving good multiplexing gains in
high-frequency point-to-point LoS environments is feasible
when antenna spacings are much larger than the operating
wavelength. The largest number of spatial degrees of freedom
in a LoS environment at high frequencies is achieved via
sparse antenna arrays, that generate spatially uncorrelated
channel matrices, resulting in sparse multipath environments.
The channel condition number, which is the ratio of the
largest to smallest singular value of a channel matrix, is
plotted in Fig. 4, as a function of the communication range
(D) and the distance between SAs (∆). Smaller condition
numbers indicate better conditioned channels. Three regions
of operation can be observed, which provides a trade-off
between system performance, communication range, and array
dimensions:
• In Region 1, ∆ is sufficiently large such that the channel
is always well-conditioned; this is a typical LIS setting.
• In Region 2, D is very large compared to ∆ and the
channel is highly correlated. By finely tuning ∆, however,
reference [12] shows that operations in Region 2 can
be carried on eigenchannels, over which multiple data
streams can be transmitted in spatial multiplexing or
modulated in spatial modulation.
• In Region 3, D is much larger than the so-called Rayleigh
distance, where Region 2 optimizations no longer hold
due to the limited physical sizes of antenna arrays. Point-
to-point LoS communication beyond this distance has
been studied for mmWave communications [13].
Nevertheless, spatial oversampling can be considered, in which
AE separations δ are further decreased below the characteristic
SPP wavelenght. This oversampling can arguably decrease
the spatio-temporal frequency-domain region of support of
plane waves [14], which results in multiple benefits such as
reduced noise figures and increased linearity. Building on these
observations, we next highlight several THz UM-MIMO signal
processing research directions.
IV. SIGNAL PROCESSING RESEARCH ADVANCES
Due to fundamental differences in signal and channel char-
acteristics, classical signal processing problems have to be
readdressed at the THz band. Such problems include, but
are not limited to, accurate beamforming and beamsteering
criteria, optimal precoding and combining methods, low-cost
channel estimation paradigms, and near-optimal data detection.
Compressed sensing techniques can be employed to solve most
of these problems by taking advantage of the inherent sparsity
at THz. We hereby highlight some relevant research advances.
Fig. 4. Channel condition number as a function of ∆ and D for f = 1THz.
A. Modulation
The limitations of nano-scale transceivers bound the ability
to generate continuos carrier-based modulations. In fact, only
very short pulses can be generated in the higher THz range
with graphene at room temperature, with a corresponding
power in the order of few milli-watts, which is not sufficient
for long-distance communications. Pulse-based asymmetric
on-off keying modulation spread in time (TS-OOK) is thus
proposed in [15], and consists of trading very short pulses (one
hundred femtosecond-long) among nano-devices as a logic
one. It supports a very large number of nano-devices, that can
transmit at very high rates, ranging from few Gb/sec to few
Tb/sec. Most of the algorithms that are tailored for regular
MIMO systems should be modified to account for pulse-
based modulations, at least for the time being. But judging
by the pace of growth in THz technologies, it is expected
that regular carrier-based modulations will be the norm in
the not-so-far future. Note that cognitive systems at THz can
then adapt modulation types depending on system and channel
conditions. An interesting signal processing exercise in this
context would be to blindly estimate such modulations at the
receiver side. The latter would be an extension to the well-
investigated classical modulation classification problem.
B. Waveform Design and Beamforming
In order to make the best use of spectral windows, THz-
specific optimized multi-carrier waveform designs are re-
quired, other than orthogonal frequency-division multiplexing
(OFDM). Since the channel is assumed flat at THz, such
designs would typically be single-carrier, with the possibility
of incorporating carrier aggregation schemes. Furthermore,
maintaining an efficient use of resources can be achieved
through optimization frameworks that jointly control transmis-
sion power, sub-window allocation, and modulation formats.
For example, a multi-wideband waveform design for distance-
adaptive THz communications is developed in [16] to enable
communications over long-distance networks. The optimiza-
tion framework is designed to solve for the number of frames
5and transmission power, with the objective of maximizing the
communication range.
Similarly, efficient beamforming schemes are required, so as
to overcome the high path loss and account for the distance-
dependent and frequency-dependent THz channel characteris-
tics. A hybrid beamforming scheme is developed in [17], with
multi-carrier transmission, using analog beamforming for user
grouping and digital beamforming with dynamic SAs at the
baseband. An adaptive power allocation scheme is proposed
for targeting different distances, alongside a SA selection
algorithm that reduces the cost of radio frequency circuits.
C. Multi-Carrier Antenna Configurations
In a plasmonic AoSA architecture, nano-antenna spacings
can be significantly reduced, to the order of λSPP, while still
avoiding mutual coupling effects. Placing AEs very close to
each other, however, limits the beamforming gain by reducing
the corresponding spatial sampling capabilities. In fact, the
maximum distance separation δ between two AEs should be
in the order of half operating wavelength λ/2 to avoid grating-
lobe effects in beamfoarming. Towards that end, an interleaved
antenna map is suggested in [7], in which neighboring AEs
operate at different absorption transmission windows.
Similarly, much larger same-frequency SA separations ∆
are required to achieve good multiplexing gains. Therefore, a
sparse interleaving antenna map is required. The key enabler
for such frequency-interleaved maps is the ability to dynami-
cally tune each AE to a specific resonant frequency, without
modifying its physical dimensions. This can be achieved at
high frequencies by simple material doping or electrostatic
bias. For frequencies below 1 THz, software-defined plasmonic
metamaterials also exist. Figure 5 illustrates the interleaving
schemes, at the level of SAs or AEs (bottom-right corner),
where same colors represent same frequencies. The separation
between two AEs tuned to the same frequency is δ = λ/2,
and that between two AEs tuned to different frequencies is
δ = λSPP. Note that each AE is individually powered, which
results in larger antenna array gains. In fact, reconfigurability,
adaptability and scalability are key target features for all types
of future THz transceivers, not just the plasmonic-based ones.
D. Spatial and Index Modulation
Spatial modulation (SM) can be thought of as a spectrum
and power-efficient paradigm for THz UM-MIMO. Instead of
antenna frequency maps, as those shown in Fig. 5 for multi-
carrier designs, we can design antenna maps that turn AEs
on and off in the context of a SM setup. Due to inherent
large array dimensions, a significant number of information
bits can be assigned to antenna locations in these maps.
Howevre, SM at very high frequencies is challenging because
of LoS-dominance. Based on the previous analysis of THz
channel conditions in Sec. III, it can be noted that frequency,
communication range, and separations between AEs can be
tuned for favorable propagation settings.
Adaptive and hierarchical SM solutions can be achieved by
mapping information bits to antenna locations, at the level
of SAs or AEs [12]. The antenna arrays can be perceived as
𝛿
𝛿 = 𝜆/2
Δ
Δ
𝛿 = 𝜆/2
𝛿 = 𝜆spp
Fig. 5. Interleaved AoSA structures at the level of AEs and SAs (not to scale).
large fully-configurable graphene sheets of AEs that can get
partially activated. Such arrays can be adapted in real time
by activating a specific set of AEs, to achieve a target bit
rate at a specific communication range. Note that SM can be
combined with frequency-interleaved antenna map designs, so
as to come up with generic index modulation solutions. Such
solutions can take full advantage of available resources by
assigning information bits to frequency allocations as well.
V. PROSPECTIVE RESEARCH DIRECTIONS
Having detailed the channel conditions and research trends,
we hereby discuss a select few prospect THz UM-MIMO use
cases that are more likely to get realized in the near future.
Candidate use cases should provide good LoS conditions and
should support sufficient design adaptability and flexibility. In
what follows, we promote the use of THz communications
at the intersection of communications and sensing, as an
alternative to wired backbone connectivity in data centers, as
part of large intelligent surface deployments, as well as in the
context of mobile wireless mid-range communications.
A. Communications and Sensing
Many applications can be piggybacked onto THz wireless
communications, particularly in the areas of imaging, local-
ization, and sensing. Perhaps the most interesting of these
applications that could make use of UM-MIMO is gas sensing.
The specific absorption spectral characteristics of molecules
serve as fingerprints for specific gaseous compositions. Hence,
by shooting THz signals into a medium and then estimat-
ing the channel response at the receiver side, using time-
domain spectroscopy, for example, the molecular composition
of this medium can be detected. UM-MIMO systems can
enable sensing over extended distances, where the distance-
dependent behavior of molecular absorptions can be mitigated
to correct measurements. This could be exploited to monitor
air pollution from a distance. Furthermore, THz signals are
6used to monitor other physical parameters, such as temperature
and displacement. Low-power and low-cost UM-MIMO nano-
antenna array configurations can enhance the accuracy of
such sensors, by exploiting the spatial degrees of freedom to
increase sensing resolution, while at the same time enabling
the communication of sensing information over a distributed
wireless sensing network.
B. Data Centers
Due to the large number of networked computers and stor-
age devices in data centers, novel communication technologies
are required to facilitate accessing and processing of data.
In data centers, servers are typically arranged in multiple
racks, and wired connections are often sought for convenience.
Wiring a massive number of servers, however, increases the
size of data centers and reduces system efficiency. To the
contrary, wireless links can reduce system costs and yield
more energy efficient data centers by eliminating the need for
power-hungry switches. Such links should be complemented
by efficient networking solutions and scheduling mechanisms,
that allocate channels to servers based on the traffic demand.
The high data rates make THz communications a strong
candidate for wireless data centers. Furthermore, the reconfig-
urability of THz antenna arrays can be leveraged to support
multiple inter-rack and intra-rack communication links. THz
UM-MIMO transceivers with high power, low noise figures,
and good sensitivity can thus be optimized in such static
environments. Note that THz for data centers is already
attracting attention. For example, TERAPOD (Horizon 2020
project supported by the European Union) is using data centers
as a proof-of-concept deployment of end-to-end THz wireless
links. In particular, recently-proposed naturally-cooled under-
water data centers can make the best use of the THz band.
These enclosed data centers can control the gaseous composi-
tion (using nitrogen) to reduce absorption losses.
C. Large Intelligent Surfaces
Making the entire environment intelligent and active for
communication purposes is one of the visions for beyond
5G communication paradigms. Future man-made structures,
such as buildings, roads, and walls, are thus expected to be
electronically active. In this context, the concept of large in-
telligent surfaces (LISs) has been recently proposed, in which
surfaces scale up beyond conventional antenna arrays, and act
as transmitting and receiving structures in an environment.
These surfaces should achieve extremely high data rates,
support efficient wireless charging capabilities, and enable
high-precision sensing applications. LISs can be particularly
realized via THz UM-MIMO because of two main favorable
conditions. First, they are more likely to yield perfect LoS
indoor and outdoor propagation environments. Second, they
impose little restrictions on how AEs can be spread. Hence,
mutual coupling effects and antenna correlations can easily be
avoided, and the favorable propagation settings of region 1 in
Fig. 4 can easily be met. LISs further support simple channel
estimation techniques and simple feedback mechanisms, which
are important for low-latency applications.
In addition to active LISs, passive reconfigurable LIS con-
figurations that can modify signal phase and scale up signal
power are also gaining attention. In particular, graphene-
based plasmonic reconfigurable metasurfaces can achieve
beam steering, beam focusing, and wave vorticity control by
means of local tuning. For instance, phase control in graphene
metasurfaces is achieved by changing the complex conductiv-
ity through controlling the chemical potential via electrostatic
biasing. In [18], an end-to-end UM-MIMO channel model
is developed to enhance both the transmission distance and
the achievable data rate of plasmonic LISs ((Tb)/sec using
1024 × 1024 graphene unit cells).
D. Mid-Range Mobile Communications
Mid-range wireless mobile communication applications,
that require several meters of distance coverage, are the holy
grail of THz communications, and are the main motive behind
developing UM-MIMO techniques that operate efficiently at
the THz band. THz communications promise to support ultra-
broadband and ultra-high-speed applications, such as terabit
wireless personal/local area networks. Recently, the IEEE
802.15 wireless personal network group formed a THz interest
group, and several experiments on THz wave propagation in
room environments have been conducted. It is demonstrated
that transmission windows up to 500 GHz can support personal
wireless networks with 20Gb/sec peak rates. Adaptive and
compact THz UM-MIMO array designs allow for sharing
transceiver resources, tuning carrier frequencies, and directing
antenna beams to multiple users.
THz communications bring many exciting opportunities
for vehicular networks as well. In fact, transmitting at high
data rates causes the system to be quasi-static, even when
users are mobile. Furthermore, moving to high carrier fre-
quencies minimizes the Doppler effect. Similarly, fast-moving
unmanned aerial vehicles or drones are highly dependent on
the throughout, reliability, and latency of wireless systems,
which makes THz UM-MIMO a candidate solution.
One of the main challenges in these mobile setups is to
mitigate the effect of blockage. Blockage can easily occur
over the medium due to the small wavelengths, and at the
source due to tiny suspended particles that are big enough
to block AEs. While it is not easy to overcome all the chal-
lenges that govern THz wireless communications, a plausible
solution is to allow for the co-existence of THz, mmWave,
and microwave systems. In the mean time, high mobility can
still be treated by the more mature mmWave solutions, while
backhaul transmissions can be conducted at the THz band.
VI. CONCLUSION
In this paper, we examined the characteristics of the THz
channel to advocate the potential of UM-MIMO systems
at high frequencies. With proper configurations, UM-MIMO
antenna arrays can overcome the distance and power limita-
tions. We argued that graphene-based nano-antenna arrays, in
particular, can efficiently realize THz UM-MIMO systems. We
defined multiple research advances, from a signal processing
perspective, that are critical for increasing the efficiency of
7THz communications, including signal modulation, waveform
design, and resource allocation. Finally, building on all pre-
ceding arguments, we envisioned select few use-cases that are
likely to realize THz UM-MIMO in the near future.
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